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least one of the right and left front wheels is started or at a time
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and left rear wheels is started, (i) a maximum value of the
wheel decelerations calculated by the wheel deceleration cal-
culating sections is equal to or larger than a first predeter-
mined value and (ii) a difference between the wheel decel-
erations of the right and left front wheels or the right and left
rear wheels which are in an antilock braking control state is
equal to or larger than a second predetermined value, a split
road determining section determines that road surfaces con-
stitute a split road.
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1
VEHICLE BRAKE HYDRAULIC PRESSURE
CONTROL APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority under 35
US.C. §119 to Japanese Patent Application No. 2011-
283936 (filed on Dec. 26, 2011), the entire contents of which
are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a vehicle brake hydraulic
pressure control apparatus.

2. Description of the Related Art

JP 2007-55583 A discloses a vehicle brake hydraulic pres-
sure control apparatus that performs antilock braking control,
independently from each other, for wheel brakes for right and
left front wheels and right and left rear wheels of a vehicle.
When the vehicle is running on a split road where coefficients
of friction of right and left road surfaces with which the front
and rear wheels are in contact are largely different from each
other during the antilock braking control, the vehicle brake
hydraulic pressure control apparatus of JP 2007-55583 A
controls so that a difference between brake fluid pressures of
the left and right wheel brakes which is equal to or larger than
a predetermined value is not generated.

SUMMARY

In a certain vehicle brake hydraulic pressure control appa-
ratus, it is determined that the road surfaces constitute the
split road when a maximum value of wheel decelerations of
four wheels, a right front wheel, a left front wheel, a right rear
wheel and a left rear wheel, is equal to or larger than a
predetermined value, that is, the deceleration of the wheel
which is decelerated least (whose deceleration is closest to
zero) is equal to or larger than the predetermined value. In
making such a determination, however, there is a possibility
that an erroneous determination is made the road surfaces
constitute the split road even if the road surfaces don’t actu-
ally constitute the split road and the coefficients of friction of
road surfaces with which the right and left wheels are in
contact are high, in the event that a tire on one of the right and
left wheels wears more than a tire on the other, which may
cause a difference in frictional force, which is defined
between the tire and the road surface, between the right and
left wheels. If the difference between the brake fluid pressures
of the right and left wheel brakes is restricted based on the
erroneous determination, there is a possibility that the braking
performance of the vehicle may be deteriorated.

The invention has been made in view of above circum-
stances, and provides a vehicle brake hydraulic pressure con-
trol apparatus that does not erroneously determine that road
surfaces constitute a split road even if there is a difference in
frictional force, which is defined between a wheel and the
road surface, between right and left wheels of the vehicle.

According to one aspect of the invention, a vehicle brake
hydraulic pressure control apparatus includes a hydraulic
pressure adjusting unit, a wheel deceleration calculating sec-
tion, and a split road determining section. The hydraulic
pressure adjusting unit individually adjusts brake fluid pres-
sures acting on wheel brakes for right and left front wheels
and right and left rear wheels. The wheel deceleration calcu-
lating section individually calculates, as negative values,
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wheel decelerations of the front and rear wheels. The split
road determining section determines as to whether or not road
surfaces which the right wheels and the left wheels are in
contact with constitute a split road in which coefficients of
friction of the road surfaces are different from each other. In
a state where the split road determining section determines
during execution of antilock braking control that the road
surfaces constitute the split road, the hydraulic pressure
adjusting unit is controlled so that differential pressures
between the brake fluid pressures of the right and left wheel
brakes are equal to or less than a permissible differential
pressure. If, at a time when the antilock braking control for at
least one of the right and left front wheels is started or at a time
when the antilock braking control for at least one of the right
and left rear wheels is started, (i) a maximum value of the
wheel decelerations of the front and rear wheels calculated by
the wheel deceleration calculating section is equal to or larger
than a first predetermined value and (ii) a difference between
the wheel decelerations of the right and left front wheels or
the right and left rear wheels which are in an antilock braking
control state is equal to or larger than a second predetermined
value, the split road determining section determines that the
road surfaces constitute the split road.

With the above configuration, if, at the time when the
antilock braking control for at least one of the right and left
front wheels is started or at the time when the antilock braking
control for at least one of the right and left rear wheels is
started, (i) the maximum value of the wheel decelerations of
the front and rear wheels is equal to or larger than the first
predetermined value and (ii) the difference between the wheel
decelerations of the right and left front wheels or the right and
left rear wheels which are in the antilock braking control state
is equal to or larger than the second predetermined value, the
split road determining section determines that the road sur-
faces constitute the split road. Therefore, even if the maxi-
mum value of the wheel decelerations of the four wheels is
equal to or larger than the first predetermined value as a result
of a difference in frictional force, which is defined between
the wheel and the road surface, between the right and left
wheels while the vehicle is running on the road surfaces
where the coefficients of friction of the road surfaces with
which the right and left wheels are in contact are both high,
the difference in wheel deceleration between the right and left
front wheels or the right and left rear wheels becomes less
than the second predetermined value. As a result, the split
road determining section does not erroneously determine that
the road surfaces constitute the split road. Also, even if the
difference in wheel deceleration between the right and left
front wheels or the right and left rear wheels becomes equal to
or larger than the second predetermined value while the
vehicle is running on the road surface where the coefficients
of friction of the road surfaces with which the right and left
wheels are in contact are both low, the maximum value of in
the wheel decelerations of the four wheels becomes less than
the first predetermined value. Therefore, it is not erroneously
determined that the road surfaces constitute the split road.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a brake hydraulic pressure
control system of a vehicle.

FIG. 2 is a hydraulic pressure circuit diagram showing the
configuration of a hydraulic pressure adjusting unit.

FIG. 3 is a block diagram showing the configuration of a
vehicle brake hydraulic pressure control apparatus.

FIGS. 4A to 4D are diagrams showing one example of
changes, with respect to time, of wheel velocities, a maxi-
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mum wheel deceleration, a difference in wheel deceleration
between right and left front wheels, and brake fluid pressures
while the vehicle is running mainly on a road surface whose
coefficient of friction is high

FIGS. 5A to 5D are diagrams showing one example of
changes, with respect to time, of the wheel velocities, the
maximum wheel deceleration, the difference in wheel decel-
eration between the right and left front wheels, and the brake
fluid pressures while the vehicle is running mainly on a road
surface whose coefficient of friction is low.

FIGS. 6A to 6D are diagrams showing one example of
changes, with respect to time, of the wheel velocities, the
maximum wheel deceleration, the difference in wheel decel-
eration between the right and left front wheels, and the brake
fluid pressures while the vehicle is running mainly on a split
mad.

DETAILED DESCRIPTION

Embodiments of the invention will be described with ref-
erence to FIG. 110 FIG. 6. InFIG. 1, a vehicle V includes right
and left front wheels WA, WB to which a driving force of an
engine E is transmitted via a transmission T, and right and left
rear wheels WC, WD. A brake pedal 11 is operated by a driver
and is connected to a master cylinder M. Also, wheel brakes
BA, BB, BC, BD, which are operated by the action of brake
fluid, are provided in the front wheels WA, WB and the rear
wheels WC, WD, respectively. The master cylinder M is
connected to the individual wheel brakes BA to BD via a
hydraulic pressure adjusting unit 12. The hydraulic pressure
adjusting unit 12 can adjust (can increase or decrease) the
brake fluid pressures acting on the wheel brakes BA to BD
individually in order to prevent the wheels from being locked
during braking.

The operation of the hydraulic pressure adjusting unit 12 is
controlled by a hydraulic pressure control apparatus 13. Sig-
nals from wheel velocity sensors SA, SB, SC, SD which are
provided individually for the right and left front wheels WA,
WB and the right and left rear wheels WC, WD and a signal
from a pressure sensor SP that detects a brake fluid pressure
output from the master cylinder M are input into the hydraulic
pressure control apparatus 13. The hydraulic pressure control
apparatus 13 controls the operation of the hydraulic pressure
adjusting unit 12 based on the signals from the respective
sensors SA to SD, SP.

In FIG. 2, the hydraulic pressure adjusting unit 12 includes
normally open solenoid valves 15A to 15D, check valves 16 A
to 16D, normally closed solenoid valves 17A to 17D, a first
reservoir 18A, a second reservoir 18B, a first pump 19A, a
second pump 19B, an electric motor 20, a first orifice 22A,
and a second orifice 22B. The normally open solenoid valves
15A to 15D correspond to the wheel brake BA for the left
front wheel WA, the wheel brake BB for the right front wheel
WB, the wheel brake BC for the left rear wheel WC, and the
right rear wheel WD for the left rear wheel WC, respectively.
The check valves 16 A to 16D are connected in parallel to the
normally open solenoid valves 15A to 15D, respectively. The
normally closed solenoid valves 17A to 17D correspond to
the wheel brakes BA to BD, respectively. Of first and second
output ports 23A, 23B which are provided on the master
cylinder M, the first reservoir 18A corresponds to a first
output hydraulic pressure line 24A which continues to the
first output port 23 A. The second reservoir 18B corresponds
to a second output hydraulic pressure line 24B which contin-
ues to the second output port 23B of the master cylinder M.
Suction sides of the first and second pumps 19A, 19B are
connected to the first and second reservoirs 18 A, 18B, respec-
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tively. Discharge sides of the first and second pumps 19A,
19B are connected to the first and second output hydraulic
pressure lines 24A, 24B, respectively. The electric motor 20 is
shared by the first and second pumps 19A, 19B and drives the
first and second pumps 19A, 19B. The first and second ori-
fices 22A, 22B are provided between the discharge sides of
the first and second pumps 19A, 19B and the master cylinder
M, respectively. The pressure sensor SP is provided on one of
the first and second hydraulic pressure lines 24 A, 24B. For
example, in FIG. 2, the pressure sensor SP is connected to the
second output hydraulic pressure line 24B.

The normally open solenoid valves 15A, 15D are provided
between the first output hydraulic pressure line 24A and the
wheel brake BA for the left front wheel WA and between the
first output hydraulic pressure line 24 A and the wheel brake
BD for the right rear wheel WD, respectively. The normally
open solenoid valves 15B, 15C are provided between the
second output hydraulic pressure line 24B and the wheel
brake BB for the right front wheel WB and the second output
hydraulic pressure line 24B and the wheel brake BC for the
left rear wheel WC, respectively.

Also, the check valves 16 A to 16D are connected in parallel
to the corresponding normally open solenoid valves 15A to
15D, respectively, so as to allow the brake fluid to flow from
the corresponding wheel brakes BA to BD to the master
cylinder M.

The normally closed solenoid valves 17A, 17D are pro-
vided between the wheel brake BA for the left front wheel WA
and the first reservoir 18A and between the wheel brake BD
for the right rear wheel WD and the first reservoir 18A,
respectively. The normally closed solenoid valves 17B, 17C
are provided between the wheel brake BB for the right front
wheel WB and the second reservoir 18B and between the
wheel brake BC for the left rear wheel WC and the second
reservoir 18B, respectively.

In the hydraulic pressure adjusting unit 12 configured as
described above, under a normal braking operation where
there is no possibility that each wheel is locked, communica-
tions are established between the master cylinder M and the
wheel brakes BA to BD, while communications between the
wheel brakes BA to BD and the first and second reservoirs
18A, 18B are cut off. That is, the normally open solenoid
valves 15A to 15D are demagnetized to be opened, while the
normally closed solenoid valves 17A to 17B are demagne-
tized to be closed. A brake fluid pressure output from the first
output port 23A of the master cylinder M is applied to the
wheel brake BA for the left front wheel WA via the normally
open solenoid valve 15A and is also applied to the wheel
brake BD for the right rear wheel WD via the normally open
solenoid valve 15D. Also, a brake fluid pressure output from
the second output port 23B of the master cylinder M is applied
to the wheel brake BB for the right front wheel WB via the
normally open solenoid valve 15B and is also applied to the
wheel brake BC for the left rear wheel WC via the normally
open solenoid valve 15C.

When any of the wheels is about to lock up under the
normal braking operation, antilock braking control is
executed. That is, the hydraulic pressure adjusting unit 12
cuts off the communications between the master cylinder M
and the wheel brakes BA to BD at a portion which corre-
sponds to the wheel which is about to lock up, while the
hydraulic pressure adjusting unit 12 establishes the commu-
nications between the wheel brakes BA to BD and the reser-
voirs 18A, 18B. That is, the normally open solenoid valve of
the normally open solenoid valves 15A to 15D which corre-
sponds to the wheel which is about to lock up is magnetized
to be closed, while the normally closed solenoid valve of the
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normally closed solenoid valves 17A to 17D which corre-
sponds to the wheel which is about to lock up is magnetized
to be opened. Thereby, a part of the brake fluid pressure for the
wheel which is about to lock up is absorbed by the first
reservoir 18A or the second reservoir 18B, and the brake fluid
pressure for the wheel which is about to lock up is reduced.

In addition, when holding the brake fluid pressure at a
constant level, the hydraulic pressure adjusting unit 12 iso-
lates the wheel brakes BA to BD from the master cylinder M
and the reservoirs 18A, 18B. That is, the normally open
solenoid valves 15A to 15D are magnetized to be closed,
while the normally closed solenoid valves 17A to 17D are
demagnetized to be closed. Furthermore, when the brake fluid
pressure(s) are increased, the normally open solenoid valves
15A to 15D are demagnetized to be opened, while the nor-
mally closed solenoid valves 17A to 17D are demagnetized to
be closed.

By controlling the demagnetization/magnetization of the
respective normally open solenoid valves 15A to 15D and the
respective normally closed solenoid valves 17A to 17D in the
way described above, it is possible to brake the vehicle with
good efficiency without any of the wheels locking up.

Meanwhile, during the antilock braking control, the elec-
tric motor 20 rotates to operate, and the first and second
pumps 19A, 19B are driven in association with the operation
of the electric motor 20. Therefore, the brake fluid absorbed
by the first and second reservoirs 18A, 18B is suctioned into
the first and second pumps 19A, 19B. Then, the brake fluid so
suctioned in is refluxed to the first and second output hydrau-
lic pressure lines 24 A, 24B. By the reflux of the brake fluid in
this way, the brake fluid can be returned to the master cylinder
M side. Moreover, the pulsation of discharge pressures of the
first and second pumps 19A, 19B is suppressed by the action
of the first and second orifices 22A, 22B. Therefore, the
operation feeling of the brake pedal 11 is adversely affected
by the reflux of the brake fluid.

In FIG. 3, in addition to execution of the antilock braking
control as described above, the hydraulic pressure control
apparatus 13 which controls the operation of the hydraulic
pressure adjusting unit 12 can execute differential pressure
control to control so that a difference between the brake fluid
pressures of the wheel brakes BA, BB for the right and left
front wheels WA, WB and a difference between the brake
fluid pressures of the wheel brakes BC, BD for the right and
left rear wheels WC, WD to fall within a permissible differ-
ential pressure. The hydraulic pressure control apparatus 13
includes wheel deceleration calculating sections 25A, 25B,
25C, 25D, an estimated velocity calculating section 26, an
antilock braking control section 27, a split road determining
section 28, a differential pressure control section 29, a
hydraulic pressure acquiring section 30, and a hydraulic pres-
sure adjusting and driving section 31. The antilock braking
control section 27 determines as to whether or not the antilock
braking control should be executed. Also, the antilock brak-
ing control section 27 calculates a hydraulic pressure control
amount during the antilock braking control. The split road
determining section 28 determines as to whether or not the
road surfaces which the right and left wheels WA, AB; WC,
WD are in contact with constitute a split road in which coef-
ficients of friction of the right and left mad surfaces are largely
different from each other. The differential pressure control
section 29 calculates the hydraulic pressure control amount
by which the differential pressure control is executed which
controls the difference between the brake fluid pressures of
the wheel brakes BA, BB for the right and left front wheels
WA, WB which are on the same axis and between the brake
fluid pressures of the wheel brakes BC, BD for the right and
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left rear wheels WC, WD which are also on the same axis. The
hydraulic pressure acquiring section 30 acquires the brake
fluid pressures of the wheel brakes BA, BB for the front
wheels WA, WB and the brake fluid pressures of the wheel
brakes BC, BD for the rear wheels WC, WD. The hydraulic
pressure adjusting and driving section 31 operates the hydrau-
lic pressure adjusting unit 12.

The wheel deceleration calculating sections 25A, 25B,
25C, 25D calculate respective wheel decelerations (negative
accelerations) which are expressed by negative values, from
wheel velocities which are acquired by the wheel velocity
sensors SA to SD. The estimated velocity calculating section
26 calculates an estimated vehicle body velocity based on the
wheel velocities which are acquired by the wheel velocity
sensors SA to SD. Also, the antilock braking control section
27 determines as to whether or not the antilock braking con-
trol should be executed, based on the wheel velocities
acquired by the wheel velocity sensors SA to SD and the
estimated vehicle body velocity calculated by the estimated
velocity calculating section 26. Also, the antilock braking
control section 27 calculates the hydraulic pressure control
amount during the antilock braking control.

The split road determining section 28 determines as to
whether or not road surfaces constitute the split road when the
antilock braking control section 27 starts the antilock braking
control for either of the front wheels WA, WB and the rear
wheels WC, WD. If, at a time when the antilock braking
control for at least one of the right and left front wheels WA,
WB is started or at a time when the antilock braking control
for at least one of the right and left rear wheels WC, WD is
started, a maximum value of the wheel decelerations of the
front wheels WA, WB and rear wheels (a wheel deceleration
of the wheel which is the least decelerated) is equal to or
larger than a first predetermined value and a difference
between the wheel decelerations of the right and left front
wheels WA, WB or right and left rear wheels WC, WD which
are in an antilock braking control state is equal to or larger
than a second predetermined value, the split road determining
section 28 determines that the road surfaces constitute the
split road.

The hydraulic pressure acquiring section 30 acquires the
brake fluid pressures of the wheel brakes BA, BB for the front
wheels WA, WB and the wheel brakes BC, BD for the rear
wheels WC, WD based on an output hydraulic pressure of the
master cylinder M and driving currents of the solenoid valves,
which make up a part of the hydraulic pressure adjusting unit
12, that is, the normally open solenoid valves 15A to 15D and
the normally closed solenoid valves 17A to 17D. The output
hydraulic pressure of the master cylinder M is input from the
pressure sensor SP to the hydraulic pressure acquiring section
30. Signals indicating the driving currents of the normally
open solenoid valves 15A to 15D and the normally closed
solenoid valves 17A to 17D are input from the hydraulic
pressure adjusting and driving section 31 to the hydraulic
pressure acquiring section 30.

When the split road determining section 28 determines that
the road surfaces constitute the split road, the differential
pressure control section 29 determines brake fluid pressures
based on the brake fluid pressures of the wheel brakes BA,
BB, BC, BD, which are acquired by the hydraulic pressure
acquiring section 30, so that a difference between the brake
fluid pressure of the wheel brakes BA, BB; BC, BD for the
right and left wheels WA, WB; WC, WD, which are on the
same axis, becomes equal to or smaller than the permissible
differential pressure.

The hydraulic pressure adjusting and driving section 31
drives the hydraulic pressure adjusting unit 12 based on the
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output hydraulic pressure of the master cylinder M, which is
detected by the pressure sensor SP, the results of the determi-
nation made by the antilock braking control section 27, the
hydraulic pressure controlling amount calculated by the
antilock braking control section 27, and the brake fluid pres-
sures determined by the differential pressure control section
29.

It is assumed that the braking operation is performed while
the vehicle is running mainly on a road surface having a high
coefficient of friction in a state where a frictional force
between the tire on the right front wheel WA and the road
surface is different from that between left front wheel WB and
the road surface (for example, (i) the case where one of the
tires on the right and left front wheels WA, WB wears more
than the other of the tires, (ii) the case where temperatures of
brake pads of the wheel brakes BA, BB for the right and left
front wheels WA, WB differ from each other, whereby fric-
tional forces of the brake pads of the wheel brakes BA, BB
differ from each other, or the like). In this case, the wheel
velocities, the maximum wheel deceleration, the difference in
wheel deceleration between the right and left front wheels,
and the brake fluid pressures change with time as shown in
FIGS. 4A to 4D, for example. A wheel velocity (indicated by
a solid line) of either of the right and left front wheels WA,
WB which has a stronger frictional force, a wheel velocity
(indicated by a broken line) of the other of the right and left
front wheels WA, WB which has a weaker frictional force,
and wheel velocities (indicated by a chain double-dashed
line) of the rear wheels WC, WD change as shown in FIG. 4A
in response to the braking operation being performed at a time
t1. In response to the changes, the maximum wheel decelera-
tion changes as shown in FIG. 4B. For the purpose of facili-
tating understanding of the description, the change in the
maximum wheel deceleration is shown by a polygonal graph.
However, in reality, as will be shown in FIG. 6B, which will
be described later, the maximum wheel deceleration changes
in a smooth fashion.

When the difference in wheel deceleration between the
right and left front wheels WA, WB changes as shown in FI1G.
4C, the antilock braking control is started for the wheel brake
for either of the right and left front wheels WA, WB, which
has the stronger frictional force, at a time t2 when the brake
fluid pressure of the front wheel having the stronger frictional
force reaches a lock hydraulic pressure (a brake fluid pressure
at which reduction of the pressure is started in association
with the antilock braking control). As a result, as shown in
FIG. 4D, the brake fluid pressure of the wheel brake for the
front wheel having the stronger frictional force is started to be
reduced from the time t2.

The split road determining section 28 determines, at the
time t2, as to whether or not the road surfaces constitute the
split road. More specifically, the split mad determining sec-
tion 28 determines that the road surfaces constitute the split
road when the maximum wheel deceleration of the wheel
decelerations of the front wheels WA, WB and the rear wheels
WC, WD (a wheel deceleration of the wheel which is the least
decelerated) is equal to or larger than the first predetermined
value and the difference in wheel deceleration between the
right and left front wheels WA, WB is equal to or larger than
the second predetermined value. There may be a case where
the maximum wheel deceleration of the wheel decelerations
of'the wheels WA, WB, WC, WD (the wheel deceleration of
the wheel which is the least decelerated) is equal to or larger
than the first predetermined value as shown in FIG. 4B due to
that the vehicle is running mainly on a road surface having a
high coefficient of friction in a state where a frictional force
between the tire on the right front wheel WA and the mad
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surface is different from that between the tire on the left front
wheel WB and the road surface. However, the difference in
wheel deceleration between the right and left front wheels
WA, WB does not become equal to or larger than the second
predetermined value as shown in FIG. 4C. Therefore, the split
road determining section 28 does not erroneously determine
that the road surfaces constitute the split mad. Accordingly,
the differential pressure control is not started at the time t2,
and the brake fluid pressure of the wheel brake for the front
wheel having a weaker frictional force is never reduced until
the brake fluid pressure reaches the lock brake fluid pressure
of the front wheel having the weaker frictional force.

Next, it is assumed that the braking operation is performed
while the vehicle is running mainly on a road surface having
a low coefficient of friction in a state where a frictional force
between the tire on the right front wheel WA and the road
surface is different from that between the tire on the left front
wheel WB and the road surface (for example, (i) the case
where one of the tires on the right and left front wheels WA,
WB wears more than the other of the tires, (ii) the case where
temperatures of brake pads of the wheel brakes BA, BB for
the right and left front wheels WA, WB differ from each other,
whereby frictional forces of the brake pads of the wheel
brakes BA, BB differ from each other, or the like). In this case,
the wheel velocities, the maximum wheel deceleration, the
difference in wheel deceleration between the right and left
front wheels, and the brake fluid pressures change with time
as shown in FIGS. 5A to 5D, for example. A wheel velocity
(indicated by a solid line) of either of the right and left front
wheels WA, WB which has a stronger frictional force, a wheel
velocity (indicated by a broken line) of the other of the right
and left front wheels WA, WB which has a weaker frictional
force, and wheel velocities (indicated by a chain double-
dashed line) of the rear wheels WC, WD change as shown in
FIG. 5A inresponseto the braking operation being performed
at a time t3. In response to the changes, the maximum wheel
deceleration changes as shown in FIG. 5B. For the purpose of
facilitating understanding of the description, the change in the
maximum wheel deceleration is shown by a polygonal graph
However, in reality, as will be shown in FIG. 6B, which will
be described later, the maximum wheel deceleration changes
in the smooth fashion.

When the difference in wheel deceleration between the
right and left front wheels WA, WB changes as shown in FI1G.
5C, the antilock braking control is started for the wheel brake
of either of the right and left front wheels WA, WB, which has
the stronger frictional force, at a time t4 when the brake fluid
pressure of the front wheel having the stronger frictional force
reaches the lock hydraulic pressure (the brake fluid pressure
at which reduction of the pressure is started in association
with the antilock braking control). As a result, as shown in
FIG. 5D, the brake fluid pressure of the wheel brake of the
front wheel having the stronger frictional force is started to be
reduced from the time t4.

The split road determining section 28 determines, at the
time t4, as to whether or not the road surfaces constitute the
split road. More specifically, the split road determining sec-
tion 28 determines that the road surfaces constitute the split
road when the maximum wheel deceleration of the wheel
decelerations of the front wheels WA, WB and the rear wheels
WC, WD (a wheel deceleration of the wheel which is the least
decelerated) is equal to or larger than a first predetermined
value and the difference in wheel deceleration between the
right and left front wheels WA, WB is equal to or larger than
the second predetermined value. There may be a case where
the difference in wheel deceleration between the right and left
front wheels WA, WB becomes equal to or larger than the



US 9,248,814 B2

9

second predetermined value as shown in FIG. 5C due to that
the vehicle is running mainly on a road surface having a low
coefficient of friction in a state where the fictional force
between the tire on the right front wheel WA and the road
surface is different from that between the left front wheel WB
and the road surface. However, the maximum wheel decel-
eration of the wheel decelerations of the wheels WA, WB,
WC, WD (the wheel deceleration of the wheel which is the
least decelerated) does not become equal to or larger than the
first predetermined value as shown in FIG. 5B. Therefore, the
split road determining section 28 does not erroneously deter-
mine that the mad surfaces constitute the split mad. Accord-
ingly, the differential pressure control is not started at the time
t4, and the brake fluid pressure of the wheel brake of the front
wheel having a weaker frictional force is never reduced until
the brake fluid pressure reaches the lock brake fluid pressure
of the front wheel having the weaker frictional force.

Also, the split mad determining section 28 may determine
that the road surfaces constitute the split road when the maxi-
mum wheel deceleration of the wheel decelerations of the
front wheels WA, WB and the rear wheels WC, WD (the
wheel deceleration of the wheel which is the least deceler-
ated) is equal to or larger than the first predetermined value
and the difference in wheel deceleration between the right and
left rear wheels WC, WD is equal to or larger than the second
predetermined value, when the antilock braking control is
started for either of the right and left rear wheels WC, WD.
The second predetermined value for use in determination,
with respect to the front wheels, as to whether or not the road
surfaces constitute the split mad may be different from the
second predetermined value for use in determination, with
respect to the rear wheels, as to whether or not the road
surfaces constitute the split road.

Next, the effect of this embodiment will be described. The
hydraulic pressure control apparatus 13 includes the split
road determining section 28, which determines as to whether
or not the road surfaces which the front wheels WA, WB and
the rear wheels WC, WD are in contact constitute the split
road in which the coefficients of friction of the right and left
road surfaces are largely different from each other. If| at a time
when the antilock braking control for at least one of the right
and left front wheels WA, WB is started or at a time when the
antilock braking control for at least one of the right and left
rear wheels WC, WD is started, a maximum value of the
wheel decelerations of the front wheels WA, WB and rear
wheels (a wheel deceleration of the wheel which is the least
decelerated) is equal to or larger than the first predetermined
value and the difference between the wheel decelerations of
the right and left front wheels

WA, WB or right and left rear wheels WC, WD which are
in the antilock braking control state is equal to or larger than
the second predetermined value, the split road determining
section 28 determines that the road surfaces constitute the
split mad.

Itis assumed that the wheel velocities, the maximum wheel
deceleration, the difference in wheel deceleration between
the right and left front wheels, and the brake fluid pressures
change with time as shown in FIGS. 6A to 6D, for example,
when the brake operation is performed while the vehicle is
running. In this case, if it is recognized that the maximum
wheel deceleration of the wheel decelerations of the front
wheels WA, WB and the rear wheels WC, WD (the wheel
deceleration of the wheel which is the least decelerated) is
equal to or larger than the first predetermined value at a time
t5 when the antilock braking control is started for either of the
right and left front wheels WA, WB, which is in contact with
a mad surface having a low coefficient of fiction and if it is
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recognized that the difference in wheel deceleration between
the right and left front wheels which are in the antilock brak-
ing control state is equal to or larger than the second prede-
termined value, the split road determining section 28 deter-
mines that the road surfaces constitute the split road. Then, in
this state, the difference between the brake fluid pressures of
the wheel brakes BA, BB for the right and left front wheels
WA, WB is controlled.

As a result, it is prevented that the split road determining
section 28 erroneously determines that the road surfaces con-
stitute the split road due to that there is a difference in braking
force between the right and left wheel brakes BA, BB; BC,
BD. Thereby, it can be prevented that the difference between
the brake fluid pressures of the right and left wheel brakes BA,
BB; BC, BD is restricted based on the erroneous determina-
tion, and it makes possible to prevent deterioration in the
braking performance of the vehicle.

The embodiment of the invention has been described here-
tofore. However, the invention is not limited thereto. Hence,
various changes in design may be made based on the above
embodiment

What is claimed is:

1. A vehicle brake hydraulic pressure control apparatus
comprising:

ahydraulic pressure adjusting unit that individually adjusts
brake fluid pressures acting on wheel brakes for right
and left front wheels and right and left rear wheels;

a wheel deceleration calculating section that individually
calculates, as negative values, wheel decelerations of the
front and rear wheels;

a split road determining section that determines as to
whether or not road surfaces which the right wheels and
the left wheels are in contact with constitute a split road
in which coefficients of friction of the road surfaces are
different from each other, wherein

in a state where the split road determining section deter-
mines during execution of antilock braking control that
the road surfaces constitute the split road, the hydraulic
pressure adjusting unit is controlled so that differential
pressures between the brake fluid pressures of the right
and left wheel brakes are equal to or less than a permis-
sible differential pressure,

if, at a time when the antilock braking control for at least
one of the right and left front wheels is started or ata time
when the antilock braking control for at least one of the
right and left rear wheels is started,

(1) a maximum value of the wheel decelerations of the
front and rear wheels calculated by the wheel decel-
eration calculating section is equal to or larger than a
first predetermined value and

(ii) a difference between the wheel decelerations of the
right and left front wheels or the right and left rear
wheels which are in an antilock braking control state
is equal to or larger than a second predetermined
value,

the split road determining section determines that the road
surfaces constitute the split road.

2. The vehicle brake hydraulic pressure control apparatus
of claim 1, wherein when the split road determining section
determines that the road surfaces constitute the split road, a
differential pressure control section determines brake fluid
pressures based on the brake fluid pressures of the right and
left front wheels and right and left rear wheels, which are
acquired by the hydraulic pressure acquiring unit, so that a
difference between brake fluid pressure of the wheel brakes of
the right and left front wheels and right and left rear wheels,
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which are on the same axis, becomes equal to or smaller than
a permissible differential pressure.

3. The vehicle brake hydraulic pressure control apparatus
of claim 1, wherein when the difference in wheel deceleration
between the right and left front wheels changes, the antilock
braking control is started for the wheel brake for either of the
right and left front wheels, which has a stronger frictional
force, at a time when the brake fluid pressure of the front
wheel having the stronger frictional force reaches a lock
hydraulic pressure.
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